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Abstract 
The present investigation, the antimutagenic potential of Origanum majorana was evaluated in Vicia faba root 
meristematic cells. The root tip cells of Vicia faba were treated with sodium azide at 250 and 350 µg/ml for 6 h and 
Origanum majorana was given at 50, 100 and 200 µg/ml for 20 h, prior to sodium azide treatment. The tips were 
squashed after colchicine treatment and the cells were analyzed for chromosome aberration and mitotic index. 
Origanum majorana induces chromosomal aberration in Vicia faba root tip cells in an insignificant manner, when 
compared with untreated control. Sodium azide alone induces chromosomal aberrations significantly with increasing 
concentrations. The total number of aberrations was significantly reduced in root tip cells pretreated with Origanum 
majorana. This study revealed that Origanum majorana has antimutagenic potential against sodium azide induced 
chromosomal aberrations in Vicia faba root meristematic cells. In addition, it showed mild cytotoxicity by reducing 
the percentage of mitotic index in all O. majorana treated groups, The antimutagenic potential of Origanum majorana 
is effective at 50 µg/ml in Vicia faba root meristematic cells. 
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Introduction 
The use of antimutagens and anticarcinogens 
in everyday life is an effective procedure for 
preventing human cancer and genetic diseases. 
There are several ways in which the action of 
mutagens can be reduced or prevented. Chemicals 
which interfere with DNA repair or with mutagen 
metabolism can be an effective antimutagens [1]. 
Sodium azide (NaN3) is a major environmental 
mutagen  used in medicine and agriculture, … etc 
[2]. It causes cytotoxicity in several animal and 
plant test systems, by inhibiting the protein 
synthesis and replicative DNA synthesis at low 
dosages [3]. It is mutagenic in bacteria, higher 
plants and human cells [4,5]. 
Origanum majorana, a member of the 
Labiatae family, is widely used plant in folk Saudi 
Arabia medicine. Marjoram tea (extract of its 
leaves and flowers) has been prescribed in folkloric 
medicine for relieving the symptoms of hay fever, 
sinus congestion, indigestion, asthma, stomach 
pain, headache, dizziness, colds, coughs, and 
nervous disorders. The plant extract contains 
mainly terpinenes, aroma-active compounds, 
carvacrol and thymol, alkloids, flavonoids, and 
essential oils [6-8]. 
Marjoram leaves can be used in folkloric 
medicine as a poultice for the pain of rheumatism 
and for sprains. The oil from the leaves is used to 
relieve toothache pain. As a tea, marjoram aids in 
digestion and helps in preventing motion sickness, 
relieves flatulence, colds and headaches, calms 
nerves, and promotes menstruation. The 
unsweetened tea can also be used as a mouthwash 
or gargle. 
Many studies demonstrated that Origanum 
majorana has a potent antioxidant and 
antimicrobial activities [9-12]. and one study 
suggest that anti-hepatoma activity of O. majorana 
on five human liver-cancer cell lines, i.e. 
HepG2/C3A, SK-HEP-1, HA22T/VGH, Hep3B 
and PLC/PRF/5. [13]. The anti-genotoxicity of 
Origanum majorana was reported by El-Ashmawy 
et al., [14], which illustrated that ability of  O. 
majorana extracts to reduce the rate of  
micronucleus, number of aberrant cells 
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and different kinds of chromosomal aberrations 
which were induced by lead toxicity in mice. The 
antimutagenic potential of Origanum majorana has 
not been extensively studied and not well 
documented, moreover there is no report on the 
biological effects of O. majorana in plant test 
systems. The present study is designed to 
investigate the action of O.majorana against 
sodium azide induced chromosomal aberrations in 
Vicia faba root meristematic cells. 
 
Materials & Methods 
Chemicals 
     All chemicals used in the present study were 
obtained from Sigma Chemical Company, except 
the acetocarmine stain was obtained from BDH Co. 
Ltd., England 
Origanum majorana collection  
O. majorana cultivated commercially in Al-
Madina Al-Monawarah region, the plant samples 
were obtained from farm filed in the middle of 
March, 2007. The leaves were washed well with 
running water to get rid of dust, socked in boiled 
distilled water (5, 10, 20 g/100mL) for 10-20 
minutes and this extract was then filtered through a 
membrane filter and the filtrate (infusion) was 
either used directly in the experiment or kept in the 
refrigerator for no longer than 2 days.  
Vicia faba 
The seeds of Vicia faba were obtained from 
local nurseries in Kingdom of Saudi Arabia, 
Makkah region. 
Test system and treatment 
Healthy V. faba seeds were grown in the dark 
in a Petri dishes glass receptacle at room 
temperature (26 ± 0.5 °C) and given renewed water 
supply every 12 h. When the roots reached 2 to 3 
cm in height, they were treated with different 
concentrations of 50, 100, 200 µg/ml of O. 
majorana for 20 h. Following O. majorana 
treatment the roots were exposed to 250, 350 µg/ml 
of sodium azide for 6 h. Later, roots were treated 
with 0.05% of colchicine for 4 h, and then fixed in 
methanol- glacial acetic acid (3:1) fixative, stained 
in acetocarmine and preserved in 70% ethanol then 
stored at 4 °C. The root tips were squashed in 45% 
acetic acid after macerated in 1N HCl for 5-10 
minutes at a maintained temperature of about 60º C 
[15].  
Microscopic examination 
Nine root tips were used for each dosage. 
Three microscopic slides were prepared from each 
three roots by squashing technique. A total of 300 
cells well spread metaphases per slide were 
analyzed for chromosomal aberrations and 3000 
cells were scored for mitotic index. The mitotic 
index for cytotoxicity evaluation was calculated by 
dividing cells out of total cells counted. The 
suppression percentage (SP) of O. majorana on 
chromosomal aberrations of sodium azide is 
calculated as [16]: (SP (%)=(100−N1/N2)×100), 
where, N 1 is the number of aberrations in O. 
majorana pretreated and NaN3 post-treated groups 
and N 2 is the number of aberrations in NaN3 alone 
treated group.  
Statistical analyses 
Data on total number of chromosomal 
aberrations, mitotic index and abnormal 
metaphases were analyzed by analysis of variance 
(ANOVA), with the calculations of the F-statistic 
and respective P values. The P values were 
compared with calculation of the significant 
difference for P=0.05%. 
 
Results 
The sodium azide induced chromosomal 
aberrations such as break, fragments, bridge, ring 
chromosome and leakage were viewed in Vicia 
faba root tip cells (Figure 1). O. majorana showed 
chromosomal aberrations at 50, 100, 200 µg/ml, 
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but were not statistically significant (at all 
concentrations) when compared with untreated 
control, which indicated that O. majorana is non-
clastogenic. The results showed that chromatid 
breaks and fragments are more common than 
bridge, ring chromosome and leakage. The number 
of aberrations and the number of abnormal 
metaphases induced by sodium azide increased 
with increasing dosage, which was statistically 
significant when compared with untreated control 
(Table 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Smear preparation of the root tips of Vicia faba showing the chromosomal 
aberrations. (a) Chromosome break and gap at 250 µg/ml of NaN3; (b) Fragment at 200 
µg/ml of O. majorana and 250 µg/ml of NaN3; (c) Ring chromosome at 200 µg/ml of O. 
majorana; (d) Bridge at 350 µg/ml of NaN3; (e) Leakage chromosome at 200 µg/ml of O. 
majorana; (f) Normal metaphase at 50 µg/ml of O. majorana. 
 
 
With increasing concentrations, the number of 
abnormal metaphases and the number of 
aberrations decreased significantly in all O. 
majorana pretreated groups. The percentage of 
mitotic indexes decreased with increasing 
concentrations of O. majorana compared with the 
untreated control, which explains its cytotoxicity in 
the plant test system. Similarly, the reduction of 
mitotic index occurred in all O.majorana pretreated 
groups, except, that treated with 50 µg/ml. The 
percentage of suppression by O. majorana on 
sodium azide induced chromosomal aberrations 
increased with increasing concentrations of O. 
majorana in all the treatments, indicating that O. 
majorana is antimutagenic agent in Vicia faba. The 
effect of O. majorana on the reduction of total 
number of aberrations induced by NaN3 was 
statistically significant when compared with 
sodium azide control. This study implies that the 
pretreatment of O.majorana has a strong inhibitory 
role against the mutagenic action of sodium azide. 
 
Discussion 
Historically plants have been used as 
indicator organisms in studies for mutagenesis in 
higher eukaryotes. Plant systems have a variety of 
well defined genetic endpoints including alterations 
in ploidy, chromosomal aberrations and sister 
chromatid exchanges [17]. Dietary constituents 
suppress the genotoxic action or damage of 
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xenobiotics through various intra and extra-cellular 
mechanisms [18]. 
Sodium azide (NaN3) is a known potent 
mutagen failed to induce chromosomal aberrations 
in human lymphocytes [19, 20], the sodium azide 
was reported as a most effective mutagen in barley, 
yeast and other higher plants [21]. The reason 
behind its non genotoxicity in mammalian test 
system is the enzyme responsible for conversion of 
azide into non genotoxic azidoalanine [22] and the 
lack of interaction with DNA [23]. In this study the 
inducting chromosomal aberrations in a dose-
dependent manner and exhibited cytotoxicity by 
lowering the percentage of mitotic index. When 
sodium azide dissolved in water it formed a toxic 
hydrogen azide gas, with generation of azide ions 
could be the possible reason for its genotoxicity 
and cytotoxicity in Vicia faba test systems. 
Kleinhofs A, Smith [2] reported that the azide 
mutagenesis could be due to peroxide 
accumulation, which may also be the cause for its 
toxicity in this study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the present investigation Origanum  
majorana exhibited antimutagenic effect against 
sodium azide induced damage in a dose 
dependent manner. Similar result was observed 
by [24] against lead acetate which induced 
micronucleus, number of aberrant cells and 
different kinds of chromosomal aberrations in 
mice test systems. The protective effect of O. 
majorana is due to The protective effect of O. 
majorana is due to its antioxidant action, 
trapping of the free radicals, and the formation of 
Table 1. Distribution of different types of chromosomal aberrations (in 300 cells analyzed) and 
mitotic index (3000 cells observed) in Vicia faba after treatment with O. majorana and or not 
sodium azide 
Aberrations Treatment MI AM 
Bre Fra Bri Rin Lea 
Total SP (%) 
 Untreated control 11.01 7 2 0 0 0 1 3 − 
 
50 
 
10.22 
 
7 
 
3 
 
0 
 
0 
 
0 
 
1 
 
4 
 
− 
100 9.57 9 2 1 0 1 2 6 − 
  O. majorana extract 
(µg/ml) 
200 8.68 8 3 1 1 1 1 7 − 
NaN3 250 µg/ml 7.1 39b 33b 11 8 3 5 60b − 
 50 µg/ml O. majorana  
 +250 µg/ml NaN3  
7.90a 28a 22a 8 3 2 7 42* 34.8 
 
100 µg/ml O. majorana  
+250 µg/ml NaN3  
7.00a 19a 19a 5 1 2 4 31* 41.4 
200 µg/ml O. majorana  
+250 µg/ml NaN3  
6.69a 14a 15a 3 2 1 3 24* 45.6 
350 µg/ml NaN3  6.66 57b 41b 13 9 5 7 75b − 
50 µg/ml  O. majorana  
 + 350 µg/ml NaN3  
7.43a 31a 32a 9 7 5 4 57* 32.3 
100 µg/ml O. majorana  
+350 µg/ml NaN3  
 
 
6.56a 
 
25a 
 
25a 
 
7 
 
4 
 
3 
 
4 
 
43* 
 
42.8 
200 µg/ml  O. majorana  
+350 µg/ml NaN3  
6.30a 17a 17a 4 1 2 2 26* 55.5 
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complex with mutagens [25]. The mode of action 
of anti-mutagenesis may act as modulator of 
mutagen metabolism by absorbing the 
xenobiotics, or the inhibition of super-active 
oxygen species (SOS) functions or by altering 
the activation and detoxification of xenobiotics 
as suggested by similar results obtained by [26-
28] respectively, in their studies with curcumin, 
saffron and garlic. Also, the stabilization of the 
formed phenoxy free radicals is responsible for 
its free radical scavenging activity and chemo-
preventive effect mutagens [28]. The modulatory 
role of O. majorana in inhibiting mutagenicity 
and/or carcinogenicity inhibition need more 
studies to understood the mechanism of the anti-
mutagenic action. 
The present results of the mitotic index 
value of O. majorana showed a reduction at high 
concentrations; it exhibits its cytotoxic action in 
cell division. Similar results obtained by [29], 
concluded that Curcuma longa exhibit a high 
degree of cytotoxicity, but the compound’s 
cytotoxicity may arise from the presently 
unknown mechanism. On the basis of the 
obtained results, it can be concluded that O. 
majorana has anti-mutagenic potential against 
sodium azide induced clastogenic damage in 
Vicia faba cells in a dose dependent manner, but 
it is more effective at the lower dose of 50µg/ml. 
At the same time it exhibits a mild cytotoxic 
action. However, the mechanism of action by 
remains to be investigated in plant test system 
and further studies are necessary to clarify this 
point. 
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